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ABSTRACT 
In this modern world due to hasty accretion of industrialization and growth in urban areas there 
was astounding increase in the use of IC Engines. Especially, in the transportation stratum, 
millions of engines are used for sundry purposes on road and at sea, where the diesel engines are 
extensively used for their low fuels consumption and superior efficiency. Generally, the 
performance of CI Engine depends on various factors. In that compression ratio & engine inlet 
conditions intensifies more on the performance of CI Engine. The variable compression engine 
(VCR Engine) means that the compression ratio of the engine can be controlled at each engine 
operation, which is when the more power of engine is needed during high load, the compression 
ratio is decreased, and when the higher efficiency is needed during low load, the compression 
ratio is increased. A VCR engine performance, efficiency of engine can continuously varies the 
compression ratio by changing the combustion chamber. By changing the conditions of engine 
inlet also there is chance of increasing the engine performance. Gas dynamics of intake system 
plays a key role in deciding the performance of an engine i.e. by creation of turbulence will 
increase the air movement at inlet which affects the combustion process and increases 
performance. Careful design of the manifolds empowers the engineer to manipulate the 
performance characteristics to the desired level. This work investigates the performance 
characteristics of a four stroke CI Engine with varying compression ratio by the effect of change 
in inlet manifold. 
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1. INTRODUCTION 
Compression ignition engines are hired particularly in the field of heavy transportation and 
agriculture on account of their soaring thermal efficiency and durability. However, there is 
gigantic development in CI engine in last few decades but it is still lagging in the performance in 
its fuel economy & emission. It is due to the ineffective use of air in engine causes the improper 
atomization air fuel mixture results in the poor combustion, which affects engine performance 
characteristics in terms of fuel economy & emissions at part load conditions. Hence search for the 
modification of intake manifolds has intensified. 
Here in this paper affords were made to increase the velocity (physical parameter) of air 
entering the inlet manifold of the engine by inserting a convergent divergent type cross section in 
the inlet manifold. There by increasing the mixture quality of air & fuel in the combustion 
chamber before the initialization of ignition in VCR Engine. 
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2. LITERATURE SURVEY 
Dr.V.V.Prathibha BharathiI, et al [1] volume 6 Intake manifolds and their effects on 
performance of CI engine:- the presence of a swirl in the cylinder of an internal combustion 
engine improves the homogenization of the air - fuel mixture, and consequently, enhances fuel 
combustion, It is comparatively easy to produce the air-motions within the engine cylinder by 
orienting the intake manifold at various inclinations other than its normal position. 
 
Tushar R. Mohod, et al [2] For better results the changes into intake manifold are essential 
for better mixing of air and fuel, buy proper mixing of the combustion rate increases. Among the 
threads of the manifold buttress and knuckle threads, buttress threads has better air fuel mixing 
process and hence thermal efficiency is increased. 
 
Chaudhari.V.H, et al [3] Optimization of intake manifold: Even distribution is important to 
optimize the efficiency and performance of the engine. Uneven distribution leads to less 
volumetric efficiency, power loss and increased fuel consumption. Change in geometry of intake 
manifold and increases its volumetric efficiency. The inlet manifold design has strong influence 
on the volumetric efficiency of the engine. 
 
Dr. Pankaj N.Shrirao, et al. [4], has worked on the air swirl created by directing the air 
flow in intake manifold on single cylinder 4-stroke engine performance as well as its exhaust 
emissions. Experiments were done with different types of internal threads, viz. acme, buttress and 
knuckle of constant pitch and also take the exhaust emissions of different manifolds. Finally they 
have found experimentally that compare to other two configurations, the inlet manifold with 
buttress thread has better air-fuel mixing process and hence thermal efficiency is increases and 
BSFC and exhaust. 
 
Jay V. Shah, et.al. [5] Were work on the orientation of the Intake Manifold was changed 
by inclining it at several different angles viz. Normal Intake Manifold, Intake Manifold at 25° 
inclination, 50° inclination and 75° inclination w.r.t. Normal Intake Manifold Position and then 
the effects of these Different orientations of the Intake Manifold on the Performance and Emission 
parameters of the Single Cylinder 4-Stroke naturally aspirated Diesel Engine were analyzed and 
then comparisons of the computed results were made with those of the Normal Intake Manifold. 
From the experimental research work, it is found that the BSFC reduces, brake thermal efficiency 
increases and there is an improvement in the exhaust gas emissions as orientation of the Intake 
Manifold is changed from Normal Manifold Position to 50° inclination w.r.t. Normal Manifold 
Position. 
 
3. EXPERIMENTAL SETUP 
 
Setup consists of a VCR Diesel Engine with Threaded C-D nozzle. 
3.1 VCR Engine Specifications 
• Engine : Four stroke single cylinder 
• Bp                                   : 5hp 
• Rpm                                : 1500 
• Compression Ratio         : 12:1 TO 20:1 
• Fuel                                 : Diesel 
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• No of cylinders               : Single 
• Bore                                : 80mm 
• Stroke length                   : 110mm 
• Starting                            : Cranking 
• Work cycle                      : Four stroke 
• Method of cooling           : Water cooled 
• Method of ignition           : Compression ignition 
 
 
 
Fig.1 VCR Engine Test Rig 
 
3.2 Design and Fabrication of Threaded C-D Manifold 
 
 
 
Fig.2 2D Modeling of Threaded convergent divergent manifold in CATIA V5 
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Fig.3 3D Modeling of Threaded convergent divergent manifold in CATIA V5 
 
3.3 Drafted Model 
 
 
 
Fig.4 Sectional Views of Threaded C-D manifold 
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Fig.5 Machining of Convergent-Divergent Section in MS Rod 
 
 
 
Fig.6 preparation of Convergent- Divergent Threaded manifold flange 
 
 
Fig.7 Final Threaded Convergent- Divergent Threaded manifold 
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4. EXPERIMENTAL PROCEDURE 
 
Diesel alone is to run the engine for about 30 min under the compression ratio of 16, so that it 
gets warmed up and steady running conditions are attained. Before starting the engine, the 
lubricating oil level in the engine is checked and it is also ensured that all moving and rotating 
parts are lubricated. The various steps involved in the setting of the experiments are explained 
below. 
1. The experiments were carried out after installation of the engine. 
2. The diesel engine is filled with the fuel mounted on the panel frame. 
3. The instrumentation power input plug was connected to 230 volts, single phase 
power source. 
4. Then the digital meters namely RPM, temperature indicators displays the 
respective readings. 
 
To conduct the performance test on the engine: 
 
5. The engine was started and allowed it to settle at rated speed. 
6. The load was applied by adjusting the potentiometer to the desired load. 
7. Then all the required parameters would be mentioned below 
a. Speed of the engine from Digital RPM indicator. 
b. Load from the load indicator. 
c. Fuel consumption from the burette. 
d. Quantity of air flow from the manometer. 
e. Different temperatures from temperature indicator. 
8. The engine was loaded in a stepwise manner. 
9. Thereafter the corresponding parameters were noted. 
The procedure was repeated for different compression ratios (12, 14, 18, and 16) 
 
10.  The fuel knob was turned off which was provided on the panel after the test. 
11. After completion of the test, the load on the engine was completely relieved and 
the engine was stopped 
12. The results were calculated as follows. 
 
5. RESULTS AND DISCUSSION 
5.1 Compression Ratio – 12 
5.1. a. Brake Thermal Efficiency 
  The variation of Brake thermal efficiency with load at 12 compression ratio for two 
different manifolds. The graph clearly depicts that the Brake thermal efficiency of the engine is 
increased individually at each load when the threaded C-D manifold is introduced instead of 
conventional manifold. Also by convectional manifold, brake thermal efficiency has been 
improved than that of threaded C-D manifold. 
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Fig.8 Brake thermal efficiency Vs Load 
 
5.1. b. Mechanical Efficiency 
 The variation of mechanical efficiency with load at 12 compression ratio for two different 
manifolds. The graph clearly depicts that the mechanical of the engine is increased individually at 
each load when the threaded C-D manifold is introduced instead of conventional manifold. Also 
by threaded C-D manifold, mechanical has been improved than that of conventional manifold. 
 
 
Fig.9 Mechanical efficiency Vs Load 
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5.1. c. Indicated thermal efficiency  
 
         The variation of Indicated thermal efficiency with load at 12 compression ratio for two 
different manifolds. The graph clearly depicts that the Indicated thermal efficiency of the engine is 
increased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by threaded C-D manifold, indicated thermal efficiency has been 
improved than that of convectional manifold. 
 
 
 
Fig.10 Indicated thermal efficiency Vs Load 
 
5.1. d. Volumetric efficiency 
 
         The variation of volumetric efficiency with load at 12 compression ratio for two different 
manifolds. The graph clearly depicts that the volumetric efficiency of the engine is increased 
individually at each load when the threaded C-D manifold is introduced instead of convectional 
manifold. Also by threaded C-D manifold, volumetric efficiency has been improved than that 
of convectional manifold. 
 
 
Fig.11 Volumetric efficiency Vs Load 
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5.1.e. Specific Fuel Consumption 
 
          The variation of specific fuel consumption with load at 12 compression ratio for two 
different manifolds. The graph clearly depicts that the specific fuel consumption of the engine 
is decreased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by convectional manifold, specific fuel consumption has been 
dropped than that of threaded C-D manifold. 
 
 
 
Fig.12 Specific Fuel Consumption Vs Load 
 
5.2 Compression Ratio – 14 
5.2. a. Brake Thermal Efficiency 
           The variation of Brake thermal efficiency with load at 14 compression ratio for two 
different manifolds. The graph clearly depicts that the Brake thermal efficiency of the engine 
is increased individually at each load when the threaded C-D manifold is introduced instead 
of convectional manifold. Also by threaded C-D manifold, brake thermal efficiency has been 
improved than that of convectional manifold. 
 
 
Fig.13 Brake thermal efficiency Vs Load 
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5.2. b Mechanical efficiency 
The variation of mechanical efficiency with load at 14 compression ratio for two different 
manifolds. The graph clearly depicts that the mechanical of the engine is increased individually 
at each load when the threaded C-D manifold is introduced instead of convectional manifold. 
Also by threaded C-D manifold, mechanical has been improved than that of convectional 
manifold. 
 
 
 
Fig.14 Mechanical efficiency Vs Load 
 
5.2. c. Indicated thermal efficiency 
           The variation of Indicated thermal efficiency with load at 14 compression ratio for two 
different manifolds. The graph clearly depicts that the Indicated thermal efficiency of the engine is 
increased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by threaded C-D manifold, indicated thermal efficiency has been 
improved than that of convectional manifold. 
 
 
Fig.14 Indicated thermal efficiency Vs Load 
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5.2. d Volumetric efficiency 
 
          The variation of volumetric efficiency with load at 14 compression ratio for two different 
manifolds. The graph clearly depicts that the volumetric efficiency of the engine is increased 
individually at each load when the threaded C-D manifold is introduced instead of convectional 
manifold. Also by threaded C-D manifold, volumetric efficiency has been improved than that of 
convectional manifold. 
 
 
 
Fig.15 Volumetric efficiency Vs Load 
 
5.2.e Specific Fuel Consumption 
 
         The variation of specific fuel consumption with load at 14 compression ratio for two 
different manifolds. The graph clearly depicts that the specific fuel consumption of the engine is 
decreased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by threaded C-D nozzle manifold, specific fuel consumption has 
been dropped than that of convectional manifold. 
 
 
 
Fig.16 Specific Fuel Consumption Vs Load 
 
5.3 Compression Ratio – 16 
 
5.3. a Brake Thermal Efficiency 
 
            The variation of Brake thermal efficiency with load at 16 compression ratio for two 
different manifolds. The graph clearly depicts that the Brake thermal efficiency of the engine is 
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increased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by threaded C-D manifold, brake thermal efficiency has been 
improved than that of convectional manifold. 
 
 
 
Fig.17 Brake thermal efficiency Vs Load 
 
5.3. b Mechanical Efficiency 
 
           The variation of mechanical efficiency with load at 16 compression ratio for two 
different manifolds. The graph clearly depicts that the mechanical of the engine is increased 
individually at each load when the threaded C-D manifold is introduced instead of normal 
inlet manifold. Also by threaded C-D manifold, mechanical efficiency has been improved 
than that of convectional manifold. 
 
 
 
Fig.18 Mechanical efficiency Vs Load 
 
5.3.c Indicated thermal efficiency 
 
         The variation of Indicated thermal efficiency with load at 12 compression ratio for two 
different manifolds. The graph clearly depicts that the Indicated thermal efficiency of the 
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engine is increased individually at each load when the threaded C-D manifold is introduced 
instead of convectional manifold. Also by threaded C-D manifold, Indicated thermal 
efficiency has been improved than that of convectional manifold. 
 
 
 
Fig.19 Indicated thermal efficiency Vs Load 
 
5.3.d Volumetric efficiency 
 
           The variation of volumetric efficiency with load at 16 compression ratio for two 
different manifolds. The graph clearly depicts that the volumetric efficiency of the engine is 
increased individually at each load when the threaded C-D manifold is introduced instead of 
convectional manifold. Also by threaded C-D manifold, volumetric efficiency has been 
improved than that of convectional manifold. 
 
 
 
Fig.20Volumetric thermal efficiency Vs Load 
 
5.3.e Specific Fuel Consumption 
 
           The variation of specific fuel consumption with load at 16 compression ratio for two 
different manifolds. The graph clearly depicts that the specific fuel consumption of the engine 
is decreased individually at each load when the threaded C-D manifold is introduced instead 
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of convectional manifold. Also by threaded C-D manifold, specific fuel consumption has 
been dropped than that of convectional manifold. 
 
 
 
Fig.21 Specific Fuel Consumption Vs Load 
 
5.4 COMPRESSION RATIO – 18 
 
5.4.a Brake thermal efficiency 
 
        The variation of Brake thermal efficiency with load at 18 compression ratio for two 
different manifolds. The graph clearly depicts that the Brake thermal efficiency of the engine 
is increased individually at each load when the threaded C-D manifold is introduced instead 
of convectional manifold. Also by threaded C-D manifold, brake thermal efficiency has been 
improved than that of convectional manifold. 
 
 
Fig.22 Brake thermal efficiency Vs Load 
 
5.4.b Mechanical efficiency 
           The variation of mechanical efficiency with load at 18 compression ratio for two 
different manifolds. The graph clearly depicts that the mechanical of the engine is increased 
individually at each load when the threaded C-D manifold is introduced instead of 
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convectional manifold. Also by threaded C-D manifold, mechanical has been improved than 
that of convectional manifold. 
 
 
Fig.22 Mechanical efficiency Vs Load 
 
5.4. c Indicated thermal efficiency 
 
         The variation of Indicated thermal efficiency with load at 18 compression ratio for two 
different manifolds. The graph clearly depicts that the Indicated thermal efficiency of the 
engine is increased individually at each load when the threaded C-D manifold is introduced 
instead of convectional manifold. Also by threaded C-D manifold, indicated thermal 
efficiency has been improved than that of convectional manifold. 
 
 
 
Fig.22 Indicated thermal efficiency Vs Load 
 
5.4. d Volumetric efficiency 
 
          The variation of volumetric efficiency with load at 18 compression ratio for two 
different manifolds. The graph clearly depicts that the volumetric efficiency of the engine is 
increased individually at each load when the threaded C-D manifold is introduced instead of 
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convectional manifold. Also by threaded C-D manifold, volumetric efficiency has been 
improved than that of convectional manifold. 
 
 
 
Fig. 23 Volumetric efficiency Vs Load 
 
5.4. e. Specific Fuel Consumption 
 
           The variation of specific fuel consumption with load at 18 compression ratio for two 
different manifolds. The graph clearly depicts that the specific fuel consumption of the engine 
is decreased individually at each load when the threaded C-D manifold is introduced instead 
of convectional manifold. Also by threaded C-D manifold, specific fuel consumption has 
been dropped than that of convectional manifold. 
 
 
 
Fig. 24 Specific Fuel Consumption Vs Load 
 
6. CONCLUSION 
 
The following are the conclusions based on the experiment results obtained while operating 
the single cylinder water cooled variable compression ratio diesel engine with normal inlet 
manifold and Threaded Convergent-Divergent inlet manifold at different compression ratios  
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(16, 14, 18, 12) respectively. By tabulating obtained values and those values are compared with 
load applied. Finally performance characteristic curves are drawn and efficiencies are identified. 
 
1. The Brake thermal efficiency is increased by 2.43%. 
2. The Mechanical efficiency is increased by 5.57%. 
3. The volumetric efficiency is increased by 22.23% 
4. The Indicated thermal efficiency is increased by 1.06% 
5. The Specific fuel consumption is decreased by 0.105% 
 
These are the conclusions drawn, when the obtained results are compared with Convectional 
manifold and threaded Convergent-Divergent manifold. From the compared values the threaded 
Convergent-Divergent nozzle manifold leads to the better efficiency than conventional inlet 
manifold for air suction. 
 
REFERENCES 
1. Dr. V. Prathibha Bharathi ISSN 2016: Volume 6 Intake Manifolds and their effects on 
performance of CI Engine. 
2. Tushar R. Mohod DOI 10.4110 ISSN: 2321-336 changes into intake manifold are essential 
for better mixing of air and fuel. 
3. Chaudhari.V.H, ISSN: 2278-621X, Vol. 2 Issue 2 March 2013 Optimization of Intake 
Manifold of Dual Fuel Gasoline Engine. 
4. Dr. Pankaj N.Shrirao, Dr. Rajeshkumar U. Sambhe, Effect of Swirl Induction by Internally 
threaded Inlet Manifolds on Exhaust Emissions of Single Cylinder (DI) Diesel Engine, 
International Journal of Science and Research, July 2014, pp. 1718 - 1722. 
5. Jay V. Shah, Prof. P. D. Patel, D. J. Jotava, Effect of Intake Manifold Inclination on 
Performance and Emission Parameters of 4-Stroke Single Cylinder C.I. Engine: A 
Technical Review International Journal of Engineering Research & Technology (IJERT), 
ISSN: 2278-0181, Vol. 3 Issue 1, January – 2014 
6. M.L.S Deva Kumar, S.Drakshayani, K.Vijaya Kumar Reddy, Effect of Fuel Injection 
Pressure on Performance of Single Cylinder Diesel Engine at Different Intake Manifold 
Inclinations, International Journal of Engineering and Innovative Technology (IJEIT), 
ISSN: 2277-3754, Volume 2, Issue 4, October 2012. 
7. Pravin D. Solanki1 Prof. V. Y Gajjar, A Review Paper on Effects of Intake Manifold 
Design on Diesel Engine Performance and Emissions, (IJSRD) ISSN (online): 2321-0613 
Vol. 2, Issue 08, 2014 Vol. 2. 
8.  C. Ramesh Kumar and G. Nagarajan, Investigation of Flow During Intake Stroke of a 
Single Cylinder Internal Combustion Engine, ARPN Journal of Engineering and Applied 
Sciences, ISSN 1819-6608, Vol. 7, No. 2, February 2012. 
9.  V. Ganesan, 4th Edition, Internal Combustion Engines, McGraw-Hill Education. 
(10) Heywood J. B., Indian Edition, “Internal Combustion Engine Fundamentals, 
McGraw-Hill Education. 
